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Introduction
Will 3D printing disrupt world trade? The new technology has been accompanied by predictions of a future where goods will be printed locally, global supply chains will be shortened, and international trade will be dramatically reduced. Firms (and perhaps even consumers) will be able to create a solid three-dimensional object from a digital file and will no longer need to import printable goods and components. One study finds that as much as 40 percent of trade could be eliminated by 2040. 1 In contrast, many earlier improvements in production processes that have reduced production costs and/or improved quality have boosted international trade. The industrial revolution is perhaps the best example, where a transformation in technology and management practices brought huge productivity gains, output growth, and expanding trade. The impact of 3D printing technology on world trade is therefore an empirical question.
Early evidence suggests that firms (and countries) will continue to specialize and 3D printing will stimulate trade growth. While 3D printing allows product customization, it does not beat traditional manufacturing technologies for bulk production of simple items. Even for the specialized products where it is most effective, it is not leading to decentralized production. One example comes from dentistry, where custom products are in high demand but are being manufactured and exported by high-tech firms. Consider Renishaw, a British engineering company, that makes dental crowns and bridges from digital scans of patients' teeth. The printers run for 8-10 hours to make custom teeth from cobalt-chrome alloy powder, which are then exported. Dentists are not installing the machines to print teeth locally, rather the parts are shipped to dental labs in Europe, where a layer of porcelain is added before the teeth are shipped to dentists. 2 With 3D printing, the production process changed but the supply chain remains intact.
In addition to teeth, the innovative technology is also being used for several other goods, from running shoes to prosthetic limbs. The good where 3D printing is most common is hearing aids. Nearly 100 percent of all hearing aids consumed in the world are produced using 3D printing. 3 3D printers transformed the hearing aid industry in less than 500 days in the mid-2000s, which makes this product a unique natural experiment to assess the trade effects of this technology. In particular, we use the example of hearing aids to examine the effects of 3D printing on international trade and to study how trade patterns have changed as production technologies shifted. Beyond this specific example, we also investigate trade in other goods where the use of 3D printing is expanding.
The main result is that 3D printing leads to an increase in world trade. We examine the data in two ways, first using a standard difference-in-difference technique and comparing the growth in hearing aid trade to other similar products. Second, we use synthetic controls. The results show that the development of 3D printing led to an increase in trade of 58 percent over nearly a decade, relative to the baseline. A dynamic extension of our model shows that the impact 1 ING Report (Leering, 2017) https://www.ingwb.com/media/2088633/3d-printing-report-031017.pdf 2 "A printed smile," The Economist, 28-Apr-2016.https://www.economist.com/science-andtechnology/2016/04/28/a-printed-smile 3 See Banker (2013). on trade follows the large expansion of 3D printing in the hearing aid industry in 2007. Our results also indicate that comparative advantage is strengthened and the countries that appear to benefit the most from the introduction of the new technology are advanced and middle-income economies. When we study the impact on imports, results show that there is a stronger effect on developing countries, particularly low-income countries, pointing to welfare gains on the consumption side for these economies.
The intuition for the results is that 3D printing led to a reduction in the cost of production. Demand rose and trade expanded. There is no evidence that 3D printing shifted production closer to consumers and displaced trade. One reason is that hearing aids are light products which makes them relatively cheap to transport internationally -we come back to this point below. A second reason is because printing hearing aids in high volumes requires a large investment in technology and machinery and the presence of highly specialized inputs and services. The countries that were early innovators, Denmark, Switzerland and Singapore, remain the main export platforms. Some middle-income economies such as China, Mexico and Vietnam have also been able to substantially increase their market shares between 1995 and 2015. As a result, exports did not become more concentrated in the top producing countries following the introduction of 3D printing.
While these results are specific to hearing aids, the insights may be more general. We also examine 35 other products that are increasingly being 3D printed and find similar patterns. These budding 3D products have also experienced faster trade growth than otherwise similar goods. In contrast to the results for hearing aids, there is some evidence of disruption in comparative advantage which indicates that there might be differences across products that deserve further investigations as more data become available. We also investigate the extent to which the weight of 3D printable products affects our main result. Interestingly, we find that the positive effect of 3D printing on trade decreases with product weight and could even reverse for bulky products. These results suggest that while the technology appears to boost trade on average, it may be used to produce goods closer to consumers for products with high transport costs. 4 This paper contributes to the literature on how new technologies affect international trade. Despite the large debate in the specialized press, 5 to our knowledge this is the first paper that empirically investigates the impact of 3D printing on trade. Goldfarb and Tucker (2017) have a recent survey of the literature on digital economics, which does not review any paper on 3D printing.
The paper is organized as follows. The next section describes 3D printing in hearing aids. Section 3 reports results for the difference-in-difference methodology. Section 4 reports results using synthetic controls. Section 5 explores other products that are being 3D printed. And Section 6 concludes. 4 Ideally, we would want to test the extent to which a second feature of hearing aids -the presence of relevant economies of scale-matters to explain the impact of 3D printing on trade. The presumption is that the production of products that are less subject to economies of scale can be more easily fragmented, leading to less trade. Unfortunately, differently from product weights, data on scale elasticities are not available at the level of disaggregation needed for this analysis. 5 See the next section for a discussion on hearing aids as an example.
3D printing in hearing aids
The hearing aid industry is unique in its virtually complete and rapid switch from traditional manufacturing to 3D printing. According to one observer, not one company that stuck to traditional manufacturing methods survived (d'Aveni, 2014). Despite attempts in the late 1980s and early 1990s, the 3D printing technology did not mature until the early 2000s. Importantly, the more efficient technology was adopted in fewer than 500 days (e.g., see Figure 1 for 3D printing adoption for the largest firm), 6 reducing production steps from nine to three: scanning, modeling, and printing (Sharma, 2013) .
Three major inventions marked a turning point. First, in 2001, two Danish graduate students developed a prototype of a 3D scanner, which was used to scan hearing aid shells (Sandström, 2016) . Widexone of the three Danish hearing aid manufacturersimmediately signed an agreement for the development of a scanner. In addition to the scanner, the students also developed the software and founded 3Shape, a company that now controls 90 percent of the market for scanners and software for 3D printing. Second, a German firm, Dreve Materials, launched in 2002 a biocompatible material suitable for 3D printing processes of hearing aids. Finally, in 2005 EnvisionTEC, a producer of 3D printers, sold its first Selective Modulation printer to Phonak, a producer of hearing aids. After a period of trial and error, the new printer finally allowed hearing aid manufactures to produce shells similar in terms of color and material to the traditional ones. As the technology changed, there was a wave of industry consolidation. In 2006, the Phonak Group became the largest producer, after acquiring GN ReSound and the adoption of the technology spread rapidly. 7
Figure 1: Adoption of 3D Printing for custom hearing aids at Phonak
Source: Brans (2013) The new technology fundamentally changed the industry because it produced a better product at a lower cost. The change is visible in US import price data and hearing aid usage. The United States is the number one importer of hearing aids and has relatively accurate data on unit prices. Figure 2 , shows that the unit value of hearing aids imported into the United States dropped by around 25 percent after 2007, right around when the technology was adopted. 8 Hearing aid usage also increased dramatically. From 2001 to 2008 only about 26 percent of the population above 70 with hearing loss used hearing aids, and the share was flat over the period. From 2008 to 2013 (last year of data), the share increased to 32 percent (Office of Disease Prevention and Health Promotion, US Government). Despite the potential benefits from the use of hearing aids, stigma, discomfort and cost had been among the most frequent reasons for rejecting the use of hearing instruments (Van den Brink et al., 1996) . Two factors related to 3D printing could have contributed to the increased usage of hearing aids. First, improved quality: the high level of customization and cosmetic improvement achieved with the use of the technology, which reduced the stigma and discomfort. Second, the reduced cost of production of a high-quality product which resulted in lower prices. The advent of 3D printers has not fundamentally affected the industry's market structure. The hearing aid industry has been dominated for the past 15 years by six companies who control about 99 percent of the global market (Sandström, 2016) . In terms of location of production and consumption, trade data show that 3D printing led to a reduction in export concentration, especially among the top 3 exporters ( Figure 3 ). The export share of the world's largest top three exporters of hearing aids declined from 65 in the early 2000s to 52 today, reversing a trend of increasing consolidation from the mid-1990s to the early 2000s. Figure 3 shows the decrease in export concentration, especially between the periods 2002-2004 and 2014-2016, at the top of the distribution. In contrast, imports became slightly more concentrated, though the trend over time remained the same from 1990s to the 2000s and from the 2000s to the 2010s. Consumption of hearing aids is less concentrated than production. The import share of the top 10 largest importers was 69 percent in 1995-1997 and it increased to 73 percent in 2014-2016. 9 9 While the cost of 3D printers per se, which is around $150,000, may not be high enough to justify the persistency of high levels of market concentration, there are other complementary technologies such as 3D scanners and software for three-dimensional modeling and, especially, requirements for technical competencies that make the industry subject to internal and external economies of scale. Sandström (2016) reports that the technicians' visual capabilities to optimize hearing aid shells (e.g. fitting the electronics component) remained largely intact with the use of 3D printing in the industry.
Figure 3: Evolution of export and import concentration
Before moving to the formal analysis, we take a first look at the trade data. Prima facie evidence supports the view that, rather than disrupting international trade flows, 3D printing boosted trade in hearing aids. Figure 4 shows that trade in hearing aids, HS code 902140, increased more than total trade in chapter 90 (optical, photographic, cinematographic, measuring, checking, medical or surgical instruments and apparatus; parts and accessories) and more rapidly than in the high-tech products listed in Appendix Table 5 . We find that the divergence happened around 2007, precisely when the 3D printing technology was being adopted, and that distance between the series remained constant afterward. In the next sections, we investigate this relationship more formally, identifying the causal impact of 3D printing on trade using differences-in-differences and synthetic control methods. 
Differences-in-Differences
In this section, we study the impact of 3D printing on international trade flows using a differences-in-differences method. We ask the data four main related questions: what the impact of the new technology is on hearing aids' (i) average exports; (ii) comparative advantage; (iii) exports of countries at different level of developments; and (iv) imports.
In the simplest case, 3D printing would reduce trade if countries shifted from importing hearing aids to printing them. However, it could also affect comparative advantage, leading to a change in trade patterns, but no end to trade. In a standard Heckscher-Ohlin framework, the introduction of 3D printing technology would reduce the labor intensity of production. As a result, exports would shift to more capital abundant countries. The overall reshuffling of exports would also depend on the presence of economies of scale. Finally, the new technology reduced production costs and increased product quality, suggesting there should be greater demand, more production, and potentially more trade.
We begin by identifying the effect of 3D printing on trade by comparing hearing-aid exports before and after 2007the year production technology shiftedto exports of other products. The underlying assumption is that, controlling for other determinants of trade, trade in hearing aids would have moved in parallel to other products in the absence of the 3D printing technology. Thus, any divergence in hearing aids trade after 2007 is attributable to 3D printing.
To formally investigate the relationship between 3D printing and trade, we estimate the following equation:
where is country i's log of exports of HS 6-digit product within category product in year . 10 ( 2007) is an indicator variable which takes value 1 for HS code 902140 "hearing aid" from year 2007 onwardthe year in which the technology became widely used in the production of hearing aids (see Section 2) . and are country-product and country-year fixed effects, respectively. Country-product dummies capture the effect of time-invariant characteristics that determine the level of exports, including secular productivity and endowment differences that can determine the specialization trade patterns. While country-year fixed effects account for country specific shocks common to all products, including country-specific macroeconomic conditions. 10 We use product level bilateral trade data from WITS (UN Comtrade) reported at the 6-digit level in the HS 1988/92 classification for the period 1995-2016 . As common in the literature, we drop countries with population less than 5 million. Additionally, we keep only countries for which the World Bank provides information on the income level (see Table  9 or https://datahelpdesk.worldbank.org/knowledgebase/articles/378834-how-does-the-world-bank-classifycountries). The available data cover 117 countries and 330 products that are either classified as high-tech (see Table 5 ) or in HS chapter 90.
The coefficient on the indicator variable, , captures differences in changes in export of hearing aids that are due to the introduction of the 3D printing technology. If the technology allows for the disaggregation of production, with printing performed geographically close to consumers (as it is implicitly assumed in recent reports -see the Introduction), the coefficient should be negative. On the other hand, if 3D printing, similarly to other technologies, expands quality or lowers prices, trade should expand, and the coefficient would be positive.
The econometric analysis shows that the average impact of 3D printing on trade in hearing aids is positive and statistically significant ( Table 1 ). The results in the first column of Table 1 indicate that as hearing aids became 3D printed trade flows increased by up to 78 percent. The results are robust to using products that are high-tech and/or under HS chapter 90 in the control group. In our preferred specification, we compare trade in hearing aids to other high-tech products in HS chapter 90optical, photographic, cinematographic, measuring, checking, precision, medical or surgical instruments and apparatus. These are products with similar R&D and technology intensity that are likely to be subject to similar demand and supply shocks as hearing aids. In this specification, we find that 3D printing increases trade by 58 percent (from column 4, exp(0.456)-1). This effect could be interpreted as a lower bound, as there is evidence of 3D printing being used to some extent for the production of other high-tech products within chapter 90. 11 Table 1 : Effects of 3D printing on exports in hearing aids (1) (2) As a second step, we test for dynamic effects and perform a robustness check on the treatment year, we estimate the following equation:
where the coefficients on the interactions between and the year dummy variables, , capture the yearly difference between trade in hearing aid and other products with respect to the difference in 1995 the excluded category due to the collinearity with country-product, , fixed effects.
The results when we estimate equation (2) are presented in Figure 5 which shows the coefficients of the interaction term for different years. We find that trade in hearing aids diverged markedly from non-3D products after 2007i.e., when the technology started to be adoptedirrespectively of the control group. There is also some evidence of trade increasing around 2004, when the technology was already deployed in the production of hearing aid shells, although only for a fraction of production (see Figure 1 ). Trade in hearing aids progressively diverged in years subsequent to 2007 (with peaks in 2011 and 2016), consistently with the view that the technology allowed to reduce costs and improve quality leading to increasing sales over time. In Table 2 we study the impact of 3D printing on exports of countries with different levels of revealed comparative advantage (RCA). As 3D printing weakened the comparative advantage in hearing aids of labor abundant countries, one might expect a reshuffling in comparative advantage in the years after the diffusion of the new technology. Results in Table 2 fail to support this view. Columns 1 to 4 suggest that 3D printing had stronger effect on countries with a comparative advantage, although the effect was not statistically different from countries with a comparative disadvantage.
In columns 5-8, we explore the effect on different groups in more detail. Countries with RCA>1 are split into two groups, those with revealed comparative advantage above the median (given RCA>1) and those with revealed comparative advantage below the median. Similarly, for countries with RCA<1. We find that countries with a small comparative advantage (Dummy Low RCA 1995-2000 > 1 in columns 5 to 8) -benefitted the most. In Table 3 we investigate the impact of 3D printing on countries at various stages of development. Results in columns 1 to 4 suggest that 3D printing had a similar impact on trade of developing and developed countries. However, when we use a finer disaggregation for developing countries, we find heterogenous effects. In columns 5-8 we find that 3D printing particularly benefitted exports of upper middle-income economies and high-income countries, while it had a negative impact on exports from low-income economies. 12 In sum, we find that only emerging and advanced economies appear to have benefited from the new technology, consistent with the new technology being relatively less labor intensive. Finally, we estimate equation (1) on the log of imports. This specification allows to understand which consumers are benefitting from the technology by expanding their demand for hearing aids. In addition, a focus on imports has two advantages. First, the share of zero trade flows, especially for the hearing aid industry, is lower, as a higher number of countries consume hearing aids than produces them. 13 Second, this specification serves as an additional robustness test in terms of the 3D printing treatment. Given that a small number of exporting countries dominate the hearing aid industry, effects may not be widespread, or a few outliers could drive results. Imports are likely to be affected to a greater extent across a wider number of countries.
Overall the estimates on the impact of hearing aids on imports are qualitatively similar to those found for exports, however there are some quantitative differences. Results in column 1 of Table 4 suggest that 3D printing increases imports by 104 percent while the impact on exports, for the specification that uses high-tech products within chapter 90, suggests an increase by around 58 percent. We find that countries with a large revealed disadvantage (i.e., Dummy Low RCA 1995-2000 < 1 equal to one), countries unlikely to produce hearing aids domestically, import disproportionately more after the introduction of 3D printing. Column 4 shows that there is stronger impact on developing countries' imports. Column 5 shows that the impact of 3D printing on imports is uniform across developing countries with a marginally stronger impact on low income economies. These findings suggest that the 3D innovation made hearing aids more available to developing country residents with hearing loss.
In summary, this section documents a strongly positive impact of 3D printing on trade using differences-in-differences techniques. The results show that the technology allowed producers, especially in upper middle-and high-income countries, to increase their export competitiveness. As a result, this increase in competitiveness benefited consumers in developing countries that increased their imports of hearing aids. 
Synthetic Control Method (SCM)
In this section we complement the differences-in-differences analysis from the previous section with a Synthetic Control Method (SCM) first developed by Abadie and Gardeazabal (2003) and refined by Abadie et al. (2010 Abadie et al. ( , 2013 . This method offers two main advantages over a differences-in-differences approach. First, the SCM allows for a data-driven selection process of suitable control groups. Second, the framework allows for the effect of confounding factors on the outcome variable to vary over time. The idea behind the method is to obtain for each treated unit a synthetic control by using a weighted average of untreated units to match the observable characteristics and pretreatment outcome of the treated unit. Thus, the method should be less subject to the omitted variables bias typical of a differences-in-differences estimation.
Synthetic control methods have been mostly used in the context of a single treated unit. For instance, Abadie and Gardeazabal (2003) study the economic impact of terrorism in the Basque region. 14 Billmeier and Nannicini (2013) are an early exception, they assess the impact of several episodes of economic liberalization on real GDP per capita, but do not estimate average effects. More recently, the method has been extended to multiple treatments. Cavallo where ̅ is the weighted average of the treatment effects of the treated units with weights being the inverse of the pre-treatment root mean squared error. As each treated unit may use different set of controls, we assign to each of these controls a random treatment in the same period as the treated unit to obtain a placebo effect. For each treated unit we then select a random placebo effect and aggregate all the selected effects using the inverse of the pre-treatment root mean squared error as weights and repeat the procedure 5,000 times.
To implement the SCM analysis we need to select the pool of possible controls to use and identify the characteristics to be matched. For each country, a synthetic control is constructed using the country's exports of high-tech products within HS chapter 90. In terms of characteristics, we use lagged outcome variables : 1995, 2000, and 2005 . For instance, we use a combination of German exports of high-tech sectors within chapter 90 to construct a synthetic control for exports of hearing-aids for Germany. This allows us to control for country specific time-varying shocks such as financial crises and the unemployment rate.
Note that a downside of this approach is that the synthetic control method requires data for treated units over the entire sample period for matching purposes. Therefore, our sample needs to be composed of continuous exporters of hearing aids, limiting the analysis to 33 countries. To compare more clearly the results with the analysis in the previous section, Table 10 reports the results for the difference-in-difference specification used in Section 3 (equation 1) for the sample of 33 countries of the SCM analysis. As it appears from Table 10 , results from this subsample of countries are not different from the results in Section 3. This suggests that potential differences between the difference-in-difference approach and the SCM analysis are not likely to be driven by the more restricted sample in the latter. Figure 6 presents the average effect pooling all the 33 countries together. The difference between the hearing aid series and the synthetic control is directly comparable to the coefficients reported in Table 1 as both capture the treatment effect on the logarithmic transformation of exports. First, we find 3D printing increased trade by around 56 percent in 2016. 15 The magnitude of effect is almost identical to the one estimated using a differences-in-differences approach in column 4 of Table 1 . Second, we find that synthetic series mimics well hearing aid trade in the pre-treatment period. The p-values suggest that the effect becomes statistically significant at the 0.12 level towards the end of the period of observation. 16 
Figure 6: Effects of 3D printing on trade in hearing aids (Synthetic Control Method) Panel A: Effect Panel B: Statistical Significance
To investigate the impact of 3D printing on countries with different levels of comparative advantage, we split countries into different groups according to their average RCA for the 1995-2000 period (see Appendix Table 9 ). Panels A and C of Figure 7 report the differences between hearing aid trade and the synthetic series. The results show that 3D printing had a stronger effect on exports of countries with a revealed comparative advantage. The differences in 2016 are almost equal to the coefficients estimated using the differences-in-differences approach. The synthetic control method suggests that 3D printing doubled the exports of countries with a comparative advantage and increased exports by 50 percent for the other countries, while the estimated impact with the differences-in-differences approach is 84 and 56 percent, respectively. Panels B and D suggest that the effect is significant only for countries with a pre-existing comparative advantage in hearing aids. In Figure 8 we investigate the impact of 3D printing on advanced and developing countries. Results in Panels A and C show that 3D printing had a very large impact on developing countries' trademore than twice as much as the effect on developed countriesunlike the differences-indifferences estimates. Once we use the same sample, which excludes low income economies, the magnitudes across techniques are comparable as the impact for developing economies is driven by the middle-income economies (see Table 10 ). Estimates of p-value in Panels B and C suggest that results are highly significant for developing countries, while the effect for developed countries is not significantly different from the effect of the placebo treatments. As in the previous section, we also evaluate the impact of 3D printing on imports. Figure  9 presents the results on differences between hearing-aid imports and the respective synthetic controls. The 3D printing technology is estimated to have increased imports by 77 percent in 2016 (Panel A). The increase in imports is mostly driven by an expansion in demand by countries with a relative disadvantage in hearing aids (Panel B). Both results are strongly statistically significant (Figure 10, Panels A and B) . Consistently with the difference-in-difference approach, the new technology also appears to have benefited consumers in developing countries. Developed countries' imports increased by 53 percent in 2015 and 71 percent in 2016, although this effect is not consistently statistically significant, while the increase in developing countries was 116 percent in 2015 and 93 percent in 2016 and always statistically significant (Figure 9 Panel C and Figure  10 Panel C). 
Other 3D printable sectors
This section expands the differences-in-differences analysis to 3D printable sectors. Arvis et al. (2017) identify 4-digit SITC sub-groups deemed to be 3D printable in the short-medium term or that are currently 3D printable based on reviews of industry reports, websites, news articles, and interviews with industry participants (see Table 6 for the full list). Analyzing the trade impact of the new technology on these sectors allows to investigate the extent to which the results of previous sections are general and not specific to hearing aids. But there are two main limitations to using this list. First, 4-digit SITC sub-groups include a large number of products with different characteristics. For instance, within sub-group SITC 6659, "articles made of glass, n.e.s.", there are 144 products ranging from laboratory glassware to coral imitation of glass. As a result, within each sub-group there can be products that are 3D printable and products that are not. Second, there is no clear distinction between printed and printable, or any indicator on the diffusion within each sub-group. This complicates the identification of the impact of 3D printing on trade as we assume that each sector is affected by the technology in the same way and also in the same year.
As a first exercise, Table 4 presents the results on the impact of the diffusion of 3D printing on 3D printable sectors. As in the previous section, we assume that the technology became available in 2007. Column 1 confirms the positive impact of the technology on trade that was established in the previous sections. However, we find that the coefficient is sizably smaller than the ones reported in Table 1 . The difference could be due to the fact that 3D printing has not yet been adopted by most of the printable industries. In other words, we are including in the treatment group units that should be used as controls which in turn biases the effects downwards.
Differently from the hearing aids example, we find that the technology decreased trade for countries that used to have a comparative advantage in 3D printable products. Similarly to the previous analysis, we find a positive impact of the new technology on exports of advance and emerging economies. Taken together, these results are suggestive of 3D printing leading to a reshuffling in comparative advantage from labor abundant / developing economies to capital abundant / advanced economies. 17 But the impact on trade growth suggests that concentration forces may be still relevant for this broader set of products. Finally, this evidence should not be interpreted as conclusive given the quality of the data used in this exercise and the uncertainty around the timing and extent of the adoption of the technology. (1) (2) (3) (4) As a second exercise, we exploit product level characteristics to identify heterogenous effects of 3D printing on trade. This allows to study the extent to which the impact of 3D printing on trade in the previous sections depends on the product characteristics of hearing aids. Specifically, we investigate if product weight plays a role in the decision of localizing production closer to consumers versus concentrating the production in one location. Intuitively, for products like hearing aids that are light and hence have lower transport costs, incentives to localize production closer to consumer should be lower than for heavier products. Ideally, we would also like to identify how the impact of 3D printing on trade varies based on the interplay between economies of scale intensity and product weight. Unfortunately, data on scale elasticities is available only for a limited number of 2-digit sectors (see Bartelme, Costinot, Donaldson and Rodriguez-Clare, 2018) .
To formally test for differential impacts of 3D printing on trade in heavy and light goods, we augment equation (1) by an interaction term between (3 2007 ) and product 's log of weight. The weight of product is defined as the median unit weight of HS 6-digit products corresponding to a 4-digit SITC product. 18 The unit weight measure for printable sectors varies from 52 grams for spectacles (SITC 8842) to 98 kilograms for machine tools for deburring (SITC 7316). Before describing the results from this specification, it is important to stress some caveats. First there may be an aggregation bias, if some products in a category are light and others are heavy. In addition, the effects could be misidentified if weight is a determinant of technology adoption. Moreover, it is possible that the technology could affect product weight as it may allow to design new structures that are lighter and use less material.
With these caveats in mind, Figure 11 presents the results on the impact of 3D printing on exports and imports as a function of product weight. Panel A shows that the impact of 3D printing on exports decreases with product weight. Exports of lighter products such as spectacles increased the most after the technology became available while the impact becomes insignificant for heavier product such as aircraft and spacecraft parts. Results in Panel B suggest that the availability of 3D printing led to a statistically significant decrease in import of heavy printable products, mainly machineries. The results suggest that 3D printing is more likely to lead to fragmented production for products that are light and, hence, cheaper to trade. On the other hand, there is some evidence that the technology could be used to produce goods closer to consumers for products subject to high transport costs. 
Conclusion
3D printing is a new technology that allows to produce customized products from a digital file. This paper takes a first look at the impact of this technology on international trade using a difference-in-difference technique and synthetic control methods. We focus on hearing aids, a product that since the mid-2000s has almost exclusively been produced employing the 3D printing technology. Contrary to what appears as conventional wisdom, we find that the new technology leads to an increase in world trade as it allows to reduce production costs. An analysis of 35 other products that are increasingly using 3D printing confirms this main insight, but also suggests that product characteristics such as bulkiness can affect the relationship between 3D printing and trade. As more information on the adoption of the new technology in different sectors becomes available, uncovering the sources of these differential trade effects of 3D printing could be a fruitful avenue for future research. .37 .37 .37 .37 Note: Robust standard errors, clustered at the country-product level, are in parentheses. Countries with population over 5mln. *** p<0.01, ** p<0.05, * p<0.1 Table 11 : 3D printable products -Imports (1) (2) (3) (4) Note: Robust standard errors, clustered at the country-product level, are in parentheses. Countries with population over 5mln.
*** p<0.01, ** p<0.05, * p<0.1
